Objective: To investigate whether vaccination against hepatitis B (HB) increases the risk of incident multiple sclerosis (MS) in childhood in the short and long terms.
evaluated the possibility of an association between recombinant hepatitis B vaccine (HBV) and an increase in incident multiple sclerosis (MS) in adults. Most found no significant increase in the risk of incident MS in the short term (primarily within 2 months) or long term (Ͼ1 year to any time) after immunization in cohort or case-control studies. [1] [2] [3] [4] [5] [6] [7] [8] However, Hernán et al 9 reported a significant increase in the risk of MS within 3 years of vaccination, suggesting that prolonged risk periods should be carefully evaluated. Some of these epidemiologic studies have been criticized for methodological limitations, including the methods used for case ascertainment and control selection, the validation of vaccination status, and limited statistical power. 10 This controversy created public misgivings about HB vaccination. Hepatitis B vaccination in children remained low in several countries despite vaccination campaigns supporting early vaccination against hepatitis B (HB) in children as a means of inducing strong and long-lasting immunity and despite high levels of HBV-related morbidity and mortality worldwide. 11 In France, less than half of all children and adolescents had complete vaccine coverage, consisting of 3 injections, in 2002. 12 Multiple sclerosis is rare in children, accounting for only 3% to 4% of all MS cases. We carried out a population-based casecontrol study based on an existing cohort of children with MS established for other purposes in France [13] [14] [15] to determine whether exposure to HBV in childhood increases the risk of a first episode of MS before age 16 years during prolonged risk periods.
METHODS

DESIGN AND STUDY POPULATION
The base population for this study was the French general population of children and adolescents younger than 16 years between January 1, 1994, and December 31, 2003. The case series consisted of patients from the French Kid
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Sclérose en Plaques (KIDSEP) neuropediatric MS cohort, which includes most incident cases of childhood-onset MS in France. The control participants were selected from the general population. All cases and controls supplied a vaccination certificate and completed a health questionnaire.
CASE ASCERTAINMENT
The French KIDSEP neuropediatric MS cohort has been described previously. [13] [14] [15] We included only patients with confirmed MS with a first episode occurring between January 1, 1994, and December 31, 2003, before the patients were 16 years of age. We excluded 1 patient of foreign origin with a different pattern of exposure to vaccination and 30 patients enrolled in the main study between January 1, 1990, and January 1, 1994, because levels of HB vaccination were low in France before that date. 12 The final study cohort comprised 164 patients with MS.
Case patients had to have had a first episode of MS (leading to their initial referral) followed by at least 1 additional episode during follow-up. The index date was the date of onset of the symptoms of the first episode of MS in case patients. A relapse was defined as a second episode of neurologic symptoms lasting more than 24 hours and followed by partial or complete stabilization or resolution, as previously described. [13] [14] [15] [16] All episodes were recorded by a trained pediatric neurologist (Y.M. or M.T.), including a description of symptoms, and were identified on the basis of systematic follow-up to June 30, 2006, by means of routine clinic visits, telephone calls, and written questionnaires, as previously described.
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CONTROL SELECTION
We attempted to individually match each case patient with 12 control participants selected from the French general population on the basis of age (±6 months), sex, and current area of residence, to control for geographic variations in vaccination and incidence of MS. Each matched control was assigned the index date of the case patient for the evaluation of previous vaccinations. Controls were selected by a professional organization specializing in population-based opinion polls and casecontrol studies on health topics (CSA Institute, Paris, France). A 2-step, population-based, random-selection method was used. In the first step, random telephone numbers in the geographic area of residence of each case were selected at random from the telephone directory. If the selected number corresponded to a household, the polling organization then determined whether the household included an eligible child, adolescent, or young adult. If the household contained an eligible child, adolescent, or young adult and consent for participation was obtained, the name and address of the eligible household was noted so that the information letter and questionnaire could be sent. Failure to reach the randomly selected telephone number was defined as at least 10 unanswered calls to that number. Current area of residence was determined on the basis of postal code (each postal code being associated with a "commune," an administrative district generally corresponding to a town). Controls with the same postal code as the corresponding case were selected when possible. If too few individuals with the same postal code were available, current area of residence was defined as the "département of residence" (a département being a larger administrative district including a number of towns). We recruited no more than 2 controls per household.
DATA ACQUISITION
An information letter describing the study was sent to all cases and controls. This letter dealt with exposure to all vaccines to avoid focusing on the HBV alone. A questionnaire was also sent to all case patients and controls, requesting all vaccination certificates, information on family history of MS in siblings and parents, other family history of autoimmune diseases (thyroiditis, rheumatoid arthritis, lupus erythematosus, diabetes mellitus requiring insulin treatment, and other diseases described as autoimmune by family physicians in siblings or parents). Information about the profession of the head of the family, based on the categories defined by the French National Institute of Statistics and Economic Studies, was assessed using a standardized questionnaire. 17 Low socioprofessional status corresponded to unemployed persons, laborers, and low-income employees.
Families (if the case patient or control was younger than 18 years) or young adults who did not return the requested information within 2 weeks of receiving the information letter and questionnaire were contacted again. We sent a maximum of 2 letters, 4 weeks apart, and made 2 telephone calls, each 2 weeks after sending a letter, in an attempt to obtain the required information. A recall was defined as a letter followed by a telephone call.
ASSESSMENT OF EXPOSURE IN CASES AND CONTROLS
The exposure studied was HBV. However, we collected information for all vaccinations, including dates of injections, and requested a copy of the child's vaccination certificate (carnet de santé). Standardized telephone interviews were used to obtain vaccination information for a few controls after failure of the entire recall process to obtain information. These controls were included in the analysis. A vaccination was defined as the administration of a commercial preparation of vaccine, either as a single vaccination or as part of a series, whether for primary immunization or as a booster.
STATISTICAL ANALYSIS
Conditional logistic regression analysis for matched casecontrol data was used to estimate matched odds ratios (ORs) and 95% confidence intervals (CIs) for first episodes of MS associated with HBV exposure. Case patients and controls not exposed to HBV between birth and the date of onset of the symptoms of the first episode of MS (index date) composed the reference group. In addition to the inherent adjustment for the factors used for matching, we also adjusted the analysis for family history of MS (siblings or parents) or of other autoimmune diseases (siblings or parents) and for the profession of the head of the family.
The main exposure period for the analysis was 3 years to facilitate comparison with the study by Hernán et al, 9 for which the study was determined to have sufficient power to detect an OR of 2. In addition, exposure periods of 6 months and as long as the entire exposure period since birth to the index date were also analyzed. We also investigated the effect of the number of doses, comparing 1, 2, and 3 or more immunizations, and the brand of vaccine.
The study, including data input into a computerized system, was approved by the National Committee for Computerized Data and Liberty, the French data protection agency. All patients gave informed consent for inclusion in the study. The organization of the study was approved by the French Society of Neuropediatrics and the French Ministry of Health (Direction Générale de la Santé). The study was overseen by a scientific committee and advisory board composed of independent experts who approved the protocol, administration, analysis, and publication of the study. 
RESULTS
No vaccination information was obtained for 21 of the 164 cases, and these patients were not retained for analysis (response rate, 87.2%). The baseline characteristics of the 143 patients retained for analysis, who provided a copy of their vaccination certificate, were not significantly different from those of the 21 patients not included because of missing information about vaccine exposure (data not shown). In particular, family history of MS did not differ between these 2 groups (6 of 143 [4.2%] in studied cases vs 1 of 21 [4.8%] in the excluded cases).
For the recruitment of controls, 200 351 households were contacted, all randomly selected within the current area of residence of the cases. There was no child living in the household or eligible child fitting the matching criteria for 98.7% of the numbers dialed, and 894 eligible households contacted refused to participate in the study. We thus identified 1705 eligible controls who could be matched to a case patient for age, sex, and current area of residence, of which 1122 provided vaccination information. The reasons for a lack of vaccination information for 583 of the recruited controls, despite initial consent, were as follows: no response despite a full recall procedure (62.1%), refusal at first recall (14.1%), lost vaccination certificate (10.9%), and incorrect telephone number or address given, making further contact impossible (12.9%). Vaccination information was provided in the form of a copy of the vaccination records for 97.3% (n=1092) of participants and through a standardized telephone interview for 2.7% (n=30); all of these data were used for analysis. Twenty-two of the 1705 controls recruited (1.3%) belonged to the same household as another control (maximum of 2 controls recruited per household). The mean number of controls per case was 8. Twenty-two cases (15.4%) had 11 or 12 controls, 81 (56.6%) had 7 to 10 controls, 34 (23.8%) had 4 to 6 controls, and 6 (4.2%) had 1 to 3 controls.
Our analyses, therefore, included 143 MS cases and 1122 matched controls ( Table 1) . The incidence of a family head with a low socioprofessional status was lower in cases (PϽ.001). The incidence of a family history of MS was slightly higher in cases (P=.03). The incidence of a family history of autoimmune diseases, as other characteristics, was similar. The incidence of exposure to HBV was similar in cases and controls ( Table 2 ). The incidence of exposure (Ն1 injection during the entire exposure period from birth to the index date) in controls, as a function of age at the index date, was as follows: 44 of 609 (7.2%) before age 5 years vs 5 of 80 (6.2%) in cases, 53 of 609 (8.7%) between 5 and 9 years of age vs 5 of 80 (6.2%) in cases, 155 of 609 (25.5%) between 10 and 13 years of , and in an analysis excluding the 22 controls recruited from the same household (data not shown). Moreover, the number of HB immunizations in the 3 years before the index date had no significant association with the risk of MS.
The OR for the 2 main brands used for the last injection before the index date was not significantly different from 1 ( Table 3) . For Engerix-B (GlaxoSmithKline, Brentford, England) administered more than 3 years before the index date, the adjusted OR was 1.68 (95% CI, 0.93-3.05). Taking into account the brand used for the first injection before the index date, ORs were 1.52 (95% CI, 0.94-2.47) for Engerix-B and 0.75 (95%CI, 0.40-1.40) for GenHevac B (Aventis Pasteur MSD, Maidenhead, England). All case patients and 1113 controls vaccinated before the index date received exclusively or almost exclusively either Engerix-B or GenHevac B.
COMMENT
To our knowledge, this is the first such study in children and the first to report no increase in the risk of a first episode of MS after HBV exposure in children, whether for a risk period of 3 years or other risk periods from 6 months to the entire exposure period from birth to the index date. The numbers of immunizations and vaccine brand also seemed to have no association with MS risk. Previous field or database studies on the risk of incident MS in adults have provided conflicting results. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Five studies found no increased risk but could not exclude a relative risk less than 2.
2-4,7,8 Two French casecontrol studies estimated a 40% to 70% increase in MS risk in the 2 months after vaccination, including patients with encephalitis. 5, 6 A study in the United Kingdom, based on the General Practitioner Research Database, reported a 60% increase in risk within 1 year of immunization.
1 A recent nested case-control study based on that same database reported an increase in MS risk in the first 3 years after vaccination. 9 In our study, ascertainment of the first episode of MS was rendered more reliable by the pediatric context. Patients were recruited from the French KIDSEP neuropediatric MS cohort, which was constituted for other purposes. [13] [14] [15] Inclusion was exhaustive at participating centers. Moreover, the rarity of MS in children made it possible to collect most incident cases nationwide in France, making this study much more representative than any study in adults, in whom MS occurs more frequently. For each first episode, the precise date and a description of symptoms were recorded. Multiple sclerosis was diagnosed on the basis of the gold standard clinical criterion of relapse. The precise dates of the first and second episodes were known, averting the potential gap between date of onset of first symptoms and identification of MS onset or diagnosis of MS that may have generated selection bias in some previous studies in adults. 8, 10, 18 The underreporting of second episodes is unlikely because second episodes are often considered indicative of a chronic disease requiring advice from a reference pediatric neurology center. Bias may result from there being a long interval between the first and second episodes, precluding the inclusion of some patients in whom the diagnosis of MS would later be confirmed. However, we previously demonstrated that 80% of second episodes in children occur within the first 2 years and 90% within 3 years. 15 Therefore, the potential bias is likely small. The selection of control participants is a major challenge in case-control studies because they must come from the same basic study population as the case patients. [19] [20] [21] [22] Because the cases in our study were taken from the French population as a whole, we carried out random sampling for the selection of controls among the French population but selected participants who were of the same age and sex and came from the same geographic area as the corresponding case. The response rate of controls was satisfying compared with previous population-based casecontrol field studies. 21, 22 The response rate was lowest for controls when the head of the family had low socioprofessional status, as reported in similar studies. 19 The low proportion of controls recruited from the same household, probably with a similar pattern of exposure, did not influence our results.
The validation of vaccination status was facilitated by the pediatric context because it was possible to obtain a copy of the vaccination certificate, which is considered a reliable indicator of exposure, for most subjects. 23 The incidence of exposure in recruited controls was consistent with that previously described for the general childhood population. 12 Indeed, 54.3% of children or adolescents recruited as controls had received at least 1 HBV injection, consistent with the incidence obtained by Denis 12 in 2002 in the general French population, which showed that 66% of adolescents and 36% of children aged 11 to 13 years received at least 1 HBV injection. During the study, a vaccination campaign conducted by the French Health Minister recommended vaccination of all infants during the first year of life and organized actively to reach older children and adolescents who had not been vaccinated. In September 1994, a general im- 23, 24 We verified that the cases who did not respond had baseline characteristics similar to the cases retained in the analysis. Because the probability of exposure varies according to geographic location and the socioprofessional status of the parents, controls were matched to cases on the basis of geographic location (current area of residence) and the analysis was adjusted for the socioprofessional status of the head of the family. We also matched cases and controls for age and sex and adjusted for the main potential confounding factors of family history of MS and of other autoimmune diseases. The incidence of a family history of MS in cases and controls was similar to that in the entire MS population in France. 25 We obtained similar consistent results from stratified analyses of calendar time, age at the index date, and family history of MS or of other autoimmune diseases.
Analyses took into account different periods of exposure to vaccine to facilitate comparisons with the results of previous studies. The main risk period considered was 3 years to facilitate comparison with the study by Hernán et al. 9 We also investigated longer risk periods, including the entire period from birth to the index date, inasmuch as the duration of the true risk period is unknown, as is the time course of white matter and axonal destruction in MS after stimulation with external antigens such as vaccines. 26, 27 We found no increase in the risk of MS associated with HBV exposure during childhood irrespective of the risk period studied and of the number of doses administered. The upper boundary of the 95% CI indicates that increase in risk by a factor of 1.7 or higher (for the 3-year period and for the indefinite period) could be excluded, with higher statistical power than in previous studies. However, statistical power was not high enough for the evaluation of short risk periods (Ͻ6 months), which was not our primary objective.
In conclusion, in this first (to our knowledge), large population-based case-control study in children, the main target population for vaccination campaigns, we found no increase in the risk of MS with exposure to HBV. We also recently reported that HBV exposure in children who had previously had a first episode of central nervous system inflammatory demyelination was not associated with an increase in the risk of conversion to MS in either shortterm or long-term risk periods. 28 We plan to investigate whether the risk of monophasic episodes of central nervous system inflammatory demyelination (primarily, acute disseminated encephalomyelitis, which occurs more frequently in children than in adults) 13 is influenced by HBV exposure. This will also make it possible to evaluate further the possible influence of the brand of HBV (taking into account the other components used in the manufacturing process) on the induction of both monophasic and relapsing demyelination episodes.
